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1078–5Objectives. To evaluate long-term durability and clinical success of deep venous reconstruction for severe chronic venous
insufficiency as a part of routine workload at a university vascular surgery department.
Study design. Retrospective analysis of clinical series.
Patients. Between 1996 and 2000, 43 patients underwent deep venous reconstruction, and 38 were available for follow-up.
Of these, 29 had secondary valve disease. Median follow-up time was 4.5 years (range, 2-6.5). Preoperatively, 20 had active
or healed ulcers.
Methods. Severity of the disease was assessed by the CEAP classification, clinical severity and disability scores, and
duplex evaluation. Criteria for clinical success were the following: no or mild symptoms and ability to work for eight hours.
Surgical reconstructions included 12 internal and seven external valvuloplasties, 14 vein transpositions, and 29 valve
transplantations. Of the 38 patients, six needed at least one further reconstruction. Follow-up visits were set at one month,
six months, and thereafter annually. Two independent examiners performed the final examination.
Results. The overall cumulative clinical success rate at four years was 23%, and freedom from ulcer 54%. Valvuloplasties
were the most durable techniques with a cumulative 4-year durability rate of 55%. The durability rate for transpositions
was 43%, and for transplantations 16%. Of 13 reconstructions for primary insufficiency, nine were durable.
Conclusions. Overall results were unsatisfactory, although the durability of reconstructions for primary insufficiency
were acceptable.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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The prevalence of deep venous incompetence in pa-
tients with chronic venous disease (CVD) is about
30%.1 Most of these patients respond to conservative
treatment and/or ablative superficial venous surgery.
A small group of patients with deep venous incompe-
tence and persistent leg ulceration or other disabling
symptoms, does not respond to traditional treatment.
The aetiology of the severe deep venous incompe-
tence falls into three categories: congenital aetiology is
rare, 30-60% is primary2 and 40-70% secondary. Recur-
rent ipsilateralDVT, a combinationof refluxandobstruc-
tion, and popliteal vein reflux have the highestsponding author. A. Oinonen, M.D., Department of Vascular
y, Helsinki University Central Hospital, Helsinki, Finland.
address: annamari.oinonen@helsinki.fi
al contributions.
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Patientswithseveredeepvenous incompetence resistant
to conservative treatment and notmanageable by super-
ficial venous surgery are candidates for deep venous
reconstruction.
The aetiology of the disease affects the choice of the
method of deep venous repair. Mixed aetiologies are
not uncommon.6 Therefore, different techniques can
be used at the same operation. Multiple reconstruc-
tions carry a better outcome compared to single level
repairs.7 Of the different techniques which have been
described, internal valvuloplasty appears to be the
most durable.8 Reports of the results of axillary vein
transfers in post-thrombotic veins are somewhat
contradictory.8,9
The data on long-term outcome of deep venous
reconstructions are still scarce. Long-term durability
is an issue, and controversy exists about whether
this treatment is worthwhile.r Surgery. Published by Elsevier Ltd. All rights reserved.
Table 2. Number of reconstructed segments and superficial vein
ablations in primary and reoperations
1. operation 2. operation 3. operation 4. operation
Number of
patients
38 15 4 1
Number of
reconstructed
segments
63 7 2
Number of
superficial
vein surgeries
30 12 3 1
488 A. Lehtola et al.Our aim was to evaluate long-term durability, clin-
ical success rate, and freedom from ulceration after
deep venous reconstructions which were undertaken
as a part of the routine workload at a university vas-
cular surgery department.
Patients and methods
Between 1996 and 2000, a total of 43 patients under-
went deep venous reconstruction. AL performed 39
and ML 8 operations. Follow-up visits were at one
month, six months, and annually thereafter. Some pa-
tients needed additional assessment, and some did
not come to all follow-up visits. Two patients (both
men, age 53 and 74, secondary CVD, C-class 6) died
14 and 43 months after surgery. Their early follow-
up results are included in the life-table analyses for
durability. In 2002, 41 patients were invited to a sys-
tematic final evaluation by two external assessors.
Three of them were unable to participate. The data
for two of those patients is included in the life-table
analyses for durability (both women, age 76 and 46,
secondary CVD, C-class 4 and 6), whereas one was
omitted due to lack of follow-up data. Finally, 38 pa-
tients with 38 operated limbs formed the study group
(Table 1). These 38 patients underwent repairs in a
total of 63 deep venous segments (Table 2). Half the
patients underwent two or three separate repairs atTable 1. Patient characteristics
Number of patients 38
Number of male 24
Median age (range) 50 (24e69)
Median follow-up (range) 55 (24e78) months
Aetiology
Primary 7
Secondary 29
Congenital 2
Risk factors*
Trauma 19
Previous DVT 28
Coagulation abnormality 6
Previous superficial venous surgery 20
Obesity 14
Infections 4
Pregnancies 8
Oral contraceptives 4
Other 14
Indications for surgery
Active ulcer 9
Previous ulcer 11
Venous claudication 5
Lipodermatosclerosis 4
Other disabling symptoms
Pain 21
Oedema 32
* Vein anomaly 2, physical impairment 1, heart disease 1, lung dis-
ease 2, neurological disease 2, hypertension 2.
Eur J Vasc Endovasc Surg Vol 35, April 2008the same operation (14 multilevel, 4 multistational, 1
multistational and multilevel) and 30 also superficial
vein ablation, simultaneously. During the follow-up,
six patients needed a second reconstruction (three of
them to the same segment as in the first operation)
and one a third one.Clinical evaluation
Preoperative clinical evaluation included a detailed
case history and thorough physical examination.
CEAP classification10 and clinical severity score
(CSS)11,12 graded the severity of clinical findings and
disability score10 measured the functional level. Post-
operatively, C5 and C6 patients could be classified as
C5 or C6 by definition. Ulcer-free period represented
the time between the operation or ulcer healing and
the first ulcer recurrence provided that the ulcer
healed within the first year after deep venous recon-
struction. Freedom from ulcer was the percentage of
ulcer patients, who did not have ulcer recurrence dur-
ing the follow-up. The history and appearance of the
repaired valve site at the time of operation deter-
mined the etiologic classification.
At the final follow-up visits an independent exam-
iner assessed CEAP classification, clinical severity and
disability scores, and the possible changes in the clin-
ical status. The criteria for clinical success were the
following: no symptoms or only mild pain, swelling
or skin changes (score 2-3 in any of the 9 scored items
of clinical severity score caused disqualification) and
ability to work with or without supportive stockings
(disability score 0-2).Imaging studies
Preoperatively all patients underwent a duplex ultra-
sound examination for venous reflux as described by
Van Bemmelen et al.13 Patients stood supporting their
weight on the contralateral leg. Reflux was provoked
by release of a distal pneumatic cuff and considered
severely pathological, if it lasted over 2 seconds (mild
489Long-term Outcome of Deep Venous Reconstructionsreflux: 0.5-2 s). All patients also underwent ascending
and descending functional video cinephlebography.14
During follow-up duplex ultrasonography was
used to assess the reconstructed segments and valves.
Primary durability was defined as the time when all
reconstructions were still competent. Severe reflux
(>2 s) on duplex at a repaired site indicated a failure.
In these cases, the durability of the reconstruction was
considered to last to the middle of the time period
between the last date of proven durability and the first
date of observed recurrence.
At the final visit, another independent examiner
performed a whole-leg duplex ultrasound examina-
tion in a standardised fashion to all patients.
Surgical technique
Techniques for internal valvuloplasty included longi-
tudinal venotomy through the valve commisure,15
supra-commissural approach16 as well as T-shaped
venotomy17 before suturing of the valve leaflets. Kist-
ner has described the technique of external valvulo-
plasty18 and transposition19 and Raju of venous
valve transplantation.20 PTFE-cuff prevented the dila-
tion of the venous valve at the site of the valve repair
in six cases (two with internal and one with external
valvuloplasty, and three with valve transplantation).
Table 3. summarises the procedures and recon-
structed segments in the primary operation. The oper-
ations for the additional four patients included four
vein segment transplantations to the distal popliteal
vein (two saphenous, one axillary, and one brachial
vein segment transplantation).
One internal valvuloplasty in the common femoral
vein with a tricuspid valve was secured with an exter-
nal valvuloplasty. Before transposition, two saphenousTable 3. Surgical procedures in the primary operations in patients w
Operation Reconstructed segments
CFV FV DFV
1 2 1 2 1 2
Valvuloplasty
internal (IP) 3 3 2 3 1
external (EP) 1 1 4
IPþ EP 1
Vein transplant
saphenous 1 3 1 4
axillary 1 1 5
Vein transposition 1 2 6 2
Exploration 1 5 3
Ligation 1 2
Additional ablative superficial
vein surgery
CFV¼ common femoral vein, FV¼ femoral vein, DFV¼ deep femora
EIV¼ external iliac vein.veins were tightened with internal valvuloplasty and
before transplantation, three axillary transplants with
external (two cases with PTFE-cuff) or internal (one)
valvuloplasty. Before internal valvuloplasty of recon-
structable post-thrombotic valves (two cases), the valve
leaflets were relieved from all adhesions and scar tis-
sue. The other five valves treatedwith internal valvulo-
plasty in patients with post-thrombotic syndrome did
not have obvious post-thrombotic scar tissue.
Vein transpositions supplemented other vein re-
constructions in nine, and were the sole procedure
in five cases. Femoral vein (FV) transposition to the
great saphenous vein (GSV) was the most common
transposition (four). The other transpositions were
FV to deep femoral vein (DFV) (three), distal popliteal
vein (DPV) to DPV (lateral branch to medial branch)
(two), FV to bifurcated FV with one incompetent trib-
utary (one), DFV to GSV (one), common femoral vein
(CFV) to GSV (one) and transposition between
branches of deep crural veins (one).
Vein valve transplantation was used in post-throm-
botic vessels in all but two cases. Axillary and saphe-
nous vein segments containing competent valves
were used. A strip test confirmed the competence of
the transplanted valves.21
If patients had superficial venous incompetence,
they underwent partial or complete stripping of the
saphenous system, ligation of perforators, and exci-
sion of side branches before heparinisation and deep
venous reconstruction.
15 patients underwent a second operation, six of
which were deep venous reconstructions. They in-
cluded saphenous vein transplantation (four seg-
ments), axillary vein transplantation (two) and one
internal valvuloplasty. Failure of the first operation
was the indication for re-operation in three cases. Oneith primary or congenital (1) and secondary (2) disease
PPV DPV Deep crural veins EIV All
1 2 1 2 1 2 1 2
12
1 7
1
2 1 3 15
1 6 14
2 1 14
1 1 11
3
30
l vein, PPV¼ proximal popliteal vein, DPV¼ distal popliteal vein,
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Fig. 2. Cumulative clinical success rate after venous valve
reconstruction in 38 patients. Horizontal lines in the curve
represent censored cases and the numbers represent total
limbs at risk.
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490 A. Lehtola et al.patient needed a third reconstruction, which was axil-
lary vein transplantation to the common and deep
femoral veins.
Postoperatively, all patients received anticoagula-
tion, initially with low-molecular-weight heparin
and then warfarin for 3-11 months. Seven patients
with coagulation abnormalities were taking long-
term warfarin treatment. Postoperative compression
therapy comprised of bandaging the whole limb ini-
tially, replaced by a below knee stocking after a few
days. The thigh was bandaged for two weeks if super-
ficial surgery had been performed at thigh level. Some
patients required compression stockings permanently
after surgery.
Statistical analysis
Comparisons were analysed by chi-square test or
Fisher’s exact test. Survival curves were calculated
with the Kaplan-Meier life-table analysis method us-
ing SPSS statistical software.
Results
Clinical results
The clinical severity score improved in 28 (74%) pa-
tients and worsened in 8 (21%). The disability score
remained the same in 26, decreased in seven and in-
creased in five patients (Fig. 1.). The cumulative rate
of clinical success at four years of follow-up was
23% (Fig. 2.). In primary or congenital disease, it
was 44%, and in secondary disease 17%.
Active or healed ulceration was the indication for
surgery in 9 and 11 cases. Of the nine ulcers, six
healed within the first year. The first recurrence
occurred six months and the last 62 months after sur-
gery. One ulcer did not heal at all, and another healed0
5
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Fig. 1. Disability scores preoperatively and at the final visit.
Eur J Vasc Endovasc Surg Vol 35, April 2008only after a superficial venous surgery two years fol-
lowing deep venous reconstruction. In this case, ulcer
healing was not attributed to deep vein surgery. The
third patient suffered several ulcer recurrences, but
did not have an active ulcer at the final visit.
Of the 11 patients with healed ulcers at the time of
operation, five had a recurrence during follow-up.
At the final follow-up visit, three had an active
ulcer. Freedom from ulceration four years after the op-
eration (C5 patients) or ulcer healing (C6 patients)
was 54% (Fig. 3).706050403020100
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Fig. 3. Cumulative freedom from ulcer in 20 patients with
active or healed ulceration. Horizontal lines represent cen-
sored cases and the numbers total limbs at risk.
491Long-term Outcome of Deep Venous ReconstructionsDuplex findings at the operative site
At the final visit, three patients had no detected reflux.
Of all patients, 45%17 demonstrated total competence
or onlymild incompetence at the site of reconstruction,
whereas 55%21 had severe incompetence. Patients with
primary or congenital incompetence underwent 13 pri-
mary reconstructions, of which nine were competent.
The mean primary durability was 21 months. The
full CEAP classification preoperatively and at the final
follow-up visit are presented in Table 4.
Valvuloplasties and transpositions were the most
durable techniques after four years of follow-up with
the cumulative durability rate of 55% and 43% respec-
tively. Overall cumulative durability rate of external
valvuloplasties was 71%, and of internal valvuloplas-
ties 42%, whereas in patients with primary or congen-
ital disease the samedurabilities were 2/2 and 4/5. The
cumulative durability rate of transplantations was 16%Table 4. CEAP (10) preoperatively and at the final visit 2-6.5 years a
Age Sex CEAP
Preoperati
Primary 65 M C4EpAs,d
48 F C3EpAs,p
46 F C3EpAs,p
61 F C3EpAs,p
40 M C3EpAs,p
54 M C6EpAs,p
53 M C4EpAdP
24 F C3EcAs,d
34 F C4EcAp,d
Secondary 65 M C6EsAs,d
69 M C5EsAs,p,
50 M C6EsAs,p,
62 M C6EsAs,p,
58 M C4EsAs,d
45 M C3EsAs,p,
47 F C6EsAs,p,
60 F C5EsAs,d
61 F C5EsAs,p,
39 M C5EsAdPr
41 M C4EsAs,p,
50 F C3EsAs,d
37 M C5EsAs,p,
58 M C4EsAs,p,
50 M C4EsAs,p,
51 M C5EsAs,p,
42 M C5EsAs,p,
55 F C4EsAs,p,
46 M C4EsAs,p,
52 M C4EsAs,p,
55 F C5EsAs,p,
57 M C6EsAs,p,
42 F C5EsAs,p,
56 F C5EsAs,p,
44 M C6EsAdPr
41 M C5EsAs,d
46 F C6EsAs,p,
39 M C3EsAs,p,
64 M C6EsAs,p,(axillary 13%, saphenous 26%) (Fig. 4). One patient
underwent both internal and external valvuloplasties
to the same valve. This reconstruction remained dura-
ble for five years.
Only one of the six repeat reconstructions remained
durable. This was an internal valvuloplasty to femoral
vein. One repeat reconstruction failed immediately
after operation, and the others 1, 4, 6, and 24 months
postoperatively. One patient had two reconstructions
at the second operation: axillary transplantation to
the common femoral vein remained durable, whereas
the transplantation to deep femoral vein showed mild
incompetence 22 months postoperatively.
Complications
Haematoma, which required surgical evacuation, was
the most frequent complication (Table 5.). One PTFE
cuff supporting internal valvuloplasty had to befter surgery
vely Final visit
Pr2,5,11,13,14 C3EpAs,p,dPr4,11,13,14,18
,dPr2,5,11-15,17,18 C4EpAp,dPr14,18
,dPr2,5,11-16,17,18 C0Ep
,dPr5,13-15,17,18 C2Ep
,dPr5,11-15,18 C4EpAdPr11-14o15
,dPr4,5,11,13-15,17,18 C6EpAdPr11,13,14
r11,13,14,15 C3EpAdPr11-14
Pr2,5,11-15Po14 C3EcAs,p,dPr2,5,14,17,18
Pr11,13-15,18 C3EcAp,dPr14,18
Pr5,13,14 C5EsAs,pPr2,17
dPr2-5,11-18Po13,15 C5EsAs,dPr2,4,11-15
dPr5,11,14,18 C6EsAdPr13,14
dPr5,11-15,17,18 C5EsAdPr11,13-15
Pr4,11-14 C4EsAs,dPr2,14
dPr5,14,15,18,Po4,16 C3Es
dPr4,5,11,13,14,15,18 C5EsAdPr11-13
Pr5,11,12,14 C5EsAdPr11,12,14,15
drPr5,13,14,17,18 C6EsAdPr14
12,13 C6EsAdPr11,13,14
dPr3,4,14-16,18 C4EsAdPr14,15
Pr4,11-15 C4EsAdPr14,15
dPr2,4,5,11-14,18 C5EsAs,dPr4,11-15
dPr2,4,5,11-14,17,18Po15,16 C2EsAsdPr4,11-14
dPr3,5,13,14,18 C4EsAp,dPr11,13,14,18
dPr5,11-13,15,16,18 C6EsAdPr11-14
dPr2-5,11,12,15,18Po13,14 C5EsAd11-15
dPr5,11,12,14,17,18 C4EsAdPr12,14,15
dPr3-5,11-14,18 C4EsAdPr11,13,14,16o15
dPr3,5,11-15,18 C4EsAdPr14,16
dPr5,11-15,18 C5EsAdPr14
dPr5,11,13,14,17,18 C5EsAp,dPr13-15,18
dPr4,11-14,16,18 C5EsAp,dPr11-15,18
dPr2,11-15,17,18 C5EsAs,p,dPr3,4,11-15,18
11,13-16 C5EsAp,dPr13-15,18
Pr2,3,11,13-15 C5EsAdPr14
dPr2,3,5,11-15,18 C5EsAdPr14
dPr5,11,13-16,18 C4EsAdPr11,13-15
dPr4,5,11,13-16,17,18 C6EsA11,13,14,18
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492 A. Lehtola et al.removed six days postoperatively, because it was con-
sidered too tight. The blood flow was very slow in
phlebography indicating an obstruction. In the reop-
eration, the reconstructed valve was competent after
removal of the cuff. One late occlusion of femoral
vein occurred 17 months after saphenous vein seg-
ment transplantation.Discussion
Dedicated centres of excellence have published excel-
lent results of deep venous reconstructions.6,8,9 How-
ever, it seems that these results cannot be obtained
as a part of routine vascular surgery. Most published
studies are retrospective which introduces a number
of limitations in the data. Follow-up visits, part of
the daily routine, did not always involve same clini-
cians and some follow-up visits were missed. The
small sample size and the range of surgical techniques
and multiple reconstructions used blurred the conclu-
sions on the efficacy in healing ulcers and relieving
other symptoms. A confounding factor was thatTable 5. 30-day complications in 45 deep venous reconstructions
including rereconstructions.
Complication Number of operations
Wound infection 5 (11%)
Seroma 1 (2.2%)
Haematoma 8 (18%)
Erysipelas 1 (2.2%)
Arterial bleeding 1 (2.2%)
Eur J Vasc Endovasc Surg Vol 35, April 2008most patients had additional superficial surgery.
Superficial venous surgery alone may lead to good re-
sults in patients with combined superficial and deep
venous incompetence.22 Yet, it is not uncommon to
perform those operations simultaneously.6,8 Our
approach was based on the very limited surgical
resources for venous surgery and assumption that si-
multaneous superficial vein ablation and deep venous
reconstruction would yield total elimination of ve-
nous reflux. We hoped that this would speed leg ulcer
healing but the results proved otherwise. Inclusion of
two independent examiners in the cross-sectional
final part of the study was an attempt to minimise
some of these flaws. When the endpoint is imprecisely
defined the results are likely to be better.23e25 In this
field, it is difficult to define a satisfactory outcome
of venous reconstruction. In our study clinical
severity scores needed to be 0-1 in all fields of the
score to represent clinical success provided that the
patient was also able to work for eight hours. Total
CSS improved in three quarters of the patients,
whereas less sensitive parameters, disability score
and clinical class, were of little value in analysing
the data.
Deep venous reconstruction was useful in few of
our patients. The clinical success rate was low, mostly
due to very poor performance of operations in post-
thrombotic disease. In contrast to our results, Masuda
reported a long-term clinical success rate at 10 years
of 60% (in primary 73% and in post-thrombotic dis-
ease 43%).6 Freedom from ulcer recurrence at four
years was 54%. Other authors have reported similar
figures.6,8
Other clinical series show that patients with pri-
mary venous incompetence treated with valvulo-
plasty are most likely to benefit from deep venous
reconstruction.7,8 Our findings are in agreement with
this, although the heterogeneity of our patient sample
did not allow firm conclusions. External valvuloplasty
was the most durable technique with a durability rate
of 71%. Durability of internal valvuloplasties was
lower, which might be partly due to the fact that
most valves treated with this technique were in
post-thrombotic patients. Our results from axillary
transfers were poor, as all but one transfer failed. In-
terestingly, this patient with a competent transplant
had a congenital lack of vein valves in the femoral
vein. In 1999, Raju reported an 83% actuarial patency
rate for 102 axillary vein transplants at 10 years of fol-
low-up in trabeculated post-thrombotic veins.9 Fur-
thermore, diameter mismatch was typical in our
series. We used commonly accepted techniques,2
and did ‘bench repair’ of leaking valves when needed.
One axillary valve transplant remained incompetent
493Long-term Outcome of Deep Venous Reconstructionsafter repair before transplantation and was considered
intraoperative failure. Immediately after the surgery,
all other transplants were competent. Our patients
were highly selected, and most patients had severe
post-thrombotic syndrome, which will tend to worsen
the results.
Post-thrombotic syndrome in its most severe forms
remains a challenge to vascular surgeons. Based on
our results, few patients with severe chronic venous
insufficiency benefit from deep venous reconstruction
performed as a part of routine vascular surgery in
a busy university department. It is clear that these op-
erations should be conducted in centres of excellence
with a special interest and resources for deep venous
surgery. Establishment of venous centres run by ded-
icated vascular surgeons is underway in Finland. Bet-
ter selection of patients, greater experience in surgical
techniques and optional postoperative care and med-
ication may improve the results.Acknowledgements
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